Here we provide the details of the hydrogen bond and salt bridge energy functions used.
Thus, the quality of a hydrogen bond depends on the deviation of d from an optimal value d 0 as well as the angular function F, which depends on the hybridization of donor and acceptor ( ) V S is the well depth of the salt bridge, d the actual distance and d S the optimal distance between donor and acceptor atoms; a is an adjustment term to match experimental energies.
Constraint counting on canonical A-form RNA
Here we provide the details of a constraint counting analysis of canonical A-form RNA. The network rigidity of the RNA is analyzed successively considering substructural elements of increasing size.
Sugar and base ring systems are rigid. In 3D-space, a structure consisting of n atoms has 3n degrees of freedom (DOF), six of which describe the rotational and translational rigid body motions. The flexibility of the structure is determined by the number of independent internal degrees of freedom dof, which is given by subtracting the six global DOF and the number of independent constraints C from the overall number of DOF (Eq. S3).
dof = 3n -6 -C
Eq. S3
As an example, an n-membered ring has n independent distance constraints and n independent angle constraints. Thus, the number of dof is (Eq. S4) (36):
If n < 6 the ring is overconstrained, if n = 6 the ring is isostatically rigid, and it is flexible otherwise. Accordingly, the six-membered pyrimidine rings of cytosine and uracil are isostatically rigid, whereas the five-membered ring of ribose is overconstrained. (For an alternative representation in which the ribose is modeled as a seven-membered ring with one dof see Appendix.) The purine ring systems of adenine and guanine are also overconstrained, because the number of constraints exceeds the number of internal DOF by two.
A nucleotide adds six dof to the system. Linking a base to a sugar leads to a system with one dof, if the glycosidic bond is considered to be freely rotatable. This leads to the overall rigidification of the system of annelated five-, six-, and eightmembered rings in both the AU and GC case. In that sense, small rings act as "nucleation sites" of rigidity in a network. In total, the pairing of two bases removes six dof.
Analyzing the flexibility of RNA structures by constraint counting -Supplementary Data
Each nucleotide pair adds six dof to a canonical A-form RNA. Since each phosphodiester bond yields five dof and each glycosidic bond adds another dof, a strand consisting of m nucleotides has 6 (m -1) + 1 internal and 6 global DOF. We will now consider the effect of pairing two RNA strands.
Initially, we will consider strands of length m = 2. Forming the first base pair between the strands removes six global DOF but does not reduce the number of dof. Hence, this cycle-free (if one takes into account that previously identified rigid clusters within the network such as ribose or base rings can be reduced to one vertex) system has 14 (= 2*(6 (2 -1) + 1)) dof.
Pairing the next two bases leads to the formation of a 14-membered ring with eight dof (Eq. S3), i.e., six dof are removed in this step (Figure 1 c) .
We now generalize the result to larger m by, first, adding another nucleotide to each strand.
The two then form a base pair. The resulting 14-membered ring has eight dof. Two of these (related to the glycosidic bonds) have already been counted when considering the previous base pair formation, however. Thus, adding another base pair adds six dof to the extended network. This result can also be understood if one considers that adding two nucleotides increases the number of dof by 2*(5+1), but base pairing reduces it by six, as demonstrated above.
In total, when only covalent and hydrogen bond constraints between base pairs are considered, a canonical A-form RNA with m base pairs has 8 + 6 (m -2) dof and, thus, is highly flexible.
Hydrophobic interactions further rigidify the RNA. To reduce the high flexibility found so far, additional constraints due to hydrophobic (or stacking) interactions need to be included in the network. In the analysis of proteins, it has proven valuable to model hydrophobic interactions as bridges of three pseudo atoms between two hydrophobic atoms. Each bridge adds nine degrees of freedom to the network but also eleven constraints. In total, each hydrophobic tether removes two DOF from the network (28). Taking into account that each nucleotide pair adds six dof to the network, the overall helix already becomes rigid if three independent hydrophobic tethers are inserted between sequentially adjacent nucleotide pairs. 
